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ABSTRACT

Introduction Temporal lobe epilepsy (TLE) is the prototype of a surgi-
cally correctable syndrome. Successful surgical outcomes depend on
a thorough presurgical evaluation aimed primarily at identifying the
epileptogenic zone.

Objective Describe the noninvasive presurgical selection and evalu-
ation strategy for TLE patients introduced at the International Neuro-
logical Restoration Center (CIREN) in Havana, Cuba, and evaluated
between 2001 and 2006 for its accuracy in identifying candidates for
non-lesional resection surgery.

Methods Ictal onset electrographic patterns of 1,679 seizures in 72
patients with drug-resistant partial epilepsy, obtained through long-
term scalp Video EEG (V-EEG) monitoring, were evaluated. The
correlation between the V-EEG-defined epileptogenic zone and the
dysfunction shown by single photon emission computed tomography
(ictal and interictal brain SPECT) and nuclear magnetic resonance
spectroscopy (MRS) was established.

Results V-EEG monitoring determined that 44.4% of evaluated
patients had complex partial temporal lobe seizures. Identification

INTRODUCTION

About one-third of patients with symptomatic or cryptogenic fo-
cal epilepsy do not respond well to antiepileptic drugs (AEDS).
For many of these patients, surgery is an effective and poten-
tially safe therapeutic alternative, yet surgical management of
refractory epilepsy is still underused. The first controlled study of
temporal lobe epilepsy (TLE) surgery, reported in 2001, showed
statistically significant advantages of surgery over drug therapy
in terms of both seizure evolution and patients’ quality of life.[1]
A more recent study demonstrated that 44.6% of postoperative
patients were seizure-free after 4.8 years, compared to only 4.3%
of patients receiving drug therapy.[2]

Nevertheless, there is a reported 15-to-20-year lag in patient
referrals to surgery programs.[3-8] The use of TLE surgery is
mainly constrained by the possibility of surgical failure due to in-
complete or erroneous resection of the epileptogenic zone (EZ).
[9-11] Thus, improved presurgical evaluations aimed at correct
EZ identification are needed.

The challenge is finding a method for precisely defining epilep-
togenicity. Several diagnostic tests with varying degrees of com-
plexity and technical difficulty have been developed toward this
end; however, there is no consensus about which of them can
best define the EZ with a reasonable cost-benefit ratio.[12] These
tests include magnetic resonance imaging (MRI), single photon

of patients with medial temporal epilepsy (MTE) increased as a
result of lateralization and localization of the dominant mean ictal
pattern frequency (5.56 + 1.31 Hz) during the period of maximum
spectral power VARETA localization of an ictal epileptiform activity
source coincided with the epileptogenic zone in all TLE patients who
subsequently underwent a successful temporal lobectomy. Semi-
quantitative analysis of ictal and interictal brain SPECT images, as
well as metabolic ratios measured by MRS, combined with V-EEG
findings, enabled localization/lateralization of the epileptogenic
zone in TLE patients whose MRIs were normal or showed bilateral
structural abnormalities.

Conclusions Confirmation of correct localization/lateralization of the
epileptogenic zone following successful surgical outcomes in selected
TLE patients led CIREN to develop a surgical treatment strategy for
patients in Cuba with drug-resistant temporal lobe epilepsy. This strat-
egy offers an appropriate, cost-effective treatment alternative for de-
veloping countries like Cuba, with the benefit of significantly improving
TLE patients’ quality of life.
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emission computed tomography (SPECT), magnetic resonance
spectroscopy (MRS), positron emission tomography (PET), and
video electroencephalographic monitoring (V-EEG).

Advances in the development and application of these techniques
during the last decade contributed to a better understanding of
the brain’s functional anatomy but did not substantially improve
the accuracy of EZ localization. Even high-resolution MRI can-
not always identify hippocampal sclerosis, the main neurological
disease underlying TLE. Studies have shown that the EZ is uni-
lateral with respect to the lesion in 65% of patients with unilateral
hippocampal sclerosis, contralateral in 4% of cases, and is not
localized or is bitemporal in 31% of patients.[13-24] For this latter
group, the need for invasive monitoring during presurgical evalu-
ation could be reduced if EZ localization were estimated in the
clinic, taking into account the results of functional imaging tests.

This study evaluated V-EEG ictal onset localization recorded with
scalp electrodes, using spectral analysis of the ictal EEG signal
combined with source localization methods, as well as the cor-
relation between these and functional neuroimaging techniques,
for presurgical evaluation of TLE patients.

METHODS
Sample. Between 2001 and 2006, 72 patients with refractory
complex partial epileptic seizures of presumed temporal origin
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were evaluated as candidates for surgical treatment. Their av-
erage age was 35.6 + 7.18 years and duration of epilepsy was
22.75 £9.22 years. All subjects were admitted to the International
Neurological Restoration Center’s (Centro Internacional de Res-
tauracion Neurolégica - CIREN) V-EEG Telemetry Unit in Havana,
Cuba. The presurgical evaluation program protocol included a full
clinical history, and full general physical and neurological exami-
nations, as well as neuropsychological and neuropsychiatric eval-
uations, MRI (1.5 T Magnetom Symphony equipment), interictal
and ictal brain SPECT, and H* MRS. Gradual AED tapering was
applied and stopped when patients registered three partial or one
tonic-clonic seizure per day.

Written informed consent was obtained from participating pa-
tients and their families. The research protocol was approved by
the CIREN Ethics Committee.

1. Evaluation of Video EEG combined with spectral analysis
and EEG source localization analysis. A continuous V-EEG
monitoring system (STELLATE Video EEG Digital Recording Sys-
tem with Harmonie software, Canada) was used. Electrodes were
attached using the 10-20 International System, including the fol-
lowing additional scalp electrodes: zygomatic (Cg1-2), true anterior
temporal (T1-2) and supraorbital (SO1-2). Additionally, Electrocar-
diogram (ECG) and Electroocculogram (EOG) recordings were
obtained. Patients admitted to the Video EEG Telemetry Unit were
monitored around-the-clock until a sufficient number of seizures
were recorded with adequate visualization and EEG quality.

Recorded seizures were classified in two categories based on
the ictal onset EEG pattern: (a) temporal (localized in the tem-
poral lobe) or (b) non-temporal. The criteria used to establish lo-
calization was the maximum amplitude observed in the referen-
tial montage, complemented by voltage maps of electrical brain
activity. During each seizure, the following ictal activity patterns
were defined: rhythmic activity (alpha, theta or delta frequencies);
arhythmic activity; rapid paroxystic activity (within the beta fre-
quency range); repetitive epileptiform activity (no less than three
repetitive point discharges); suppression (reduction >50% of the
background amplitude or <10 pV).

For statistical analysis, the electrodes involved at the electro-
graphic ictal onset were grouped in the temporal zone (T1-2,
Cg1-2, F7-F8, T3-4, T5-6), and the rest of the electrodes were
placed in the non-temporal zone. A Chi-square test (x?) was used
to analyze the dependency relationship between the electrodes
involved at ictal onset and the categories defined. Significant dif-
ferences between the defined categories were estimated using
Student’s t-test for independent samples and p<0.05.

In an effort to improve localization in patients with seizures cat-
egorized as temporal, spectral analysis of the electroencephalo-
graphic ictal pattern was performed using all recording channels,
with emphasis on the temporal electrodes, using the Harmonie
Software EEG Compressed Spectral Analysis (CSA) function.

The VARETA method was used in the time domain to analyze
EEG sources in the ictal onset zone.[25] Recording windows
were selected that guaranteed a minimum analysis period rang-
ing from 12 seconds before to 36 seconds after the visually-

defined electrographic ictal onset. The clinical ictal onset was
not included.

2. Correlation between the V-EEG defined ictal onset zone
and the dysfunction shown in the functional imaging (SPECT
and MRS) studies, complemented by quantitative analysis.
For this study, a subset of 18 patients who met the following crite-
ria were selected from the original sample:

* Typical complex partial TLE seizures defined by ictal V-EEG
recordings.

» Normal MRI images or images showing bilateral hippocampal
sclerosis (presence of hippocampal atrophy and increased
signal intensity), obtained from a report by two radiologists
who had no knowledge of patients’ clinical status.

« Surgical resection involving the temporal lobe (hippocampus,
amygdala, parahippocampus and temporal neocortex resec-
tion) using standard electrocorticography-guided temporal re-
section procedure.

* Engel Class 1A postsurgical evolution (completely seizure-
free since surgery).

 Patients with 1-3 years postsurgical evolution.

The SMV DST XLi Sopha Medical Vision (France) double head
SPECT system was used to obtain images. A semi-quantitative
analysis of cerebral perfusion was done in the following regions of
interest (ROI) in both brain hemispheres: lateral temporal region,
mesial, basal lobes, and cerebellum. These studies were done in
interictal and ictal states, the latter during V-EEG monitoring.

For MRS, spectra were obtained using a single voxel spectroscopy
(SVS)acquisition protocol based on a spin-echo sequence (TR 1500
msec, TE 135 msec, 512 acquisitions). A1 x 1 x 3-centimeter (3 cm?)
volume of interest (VOI), localized at the hippocampus level, was
used. Absolute concentrations of N-acetyl aspartate (NAA), choline
(Cho), and creatinine (Cr) metabolites in both hippocampuses were
measured, as well as the following proportions: NAA/Cr and NAA/
Cho, Cho/Cr and NAA/Cr+Cho.

In order to test the hypothesis that the variables evaluated in the
SPECT and MRS studies had lateralizing value, we created a dif-
ference variable that established the difference value between the
right and left hemispheres, which, in turn, allowed for creation of a
second right/left classification variable. A 95% confidence interval
was established. The hypothesis was then tested and considered
confirmed if the test showed significant separation and no overlap-
ping between the imaging variable values for each hemisiphere.

Concordance between lateralization/localization and subsequent
resection was evaluated for each modality. Definition of the epilep-
togenic zone was deemed correct when the patient was seizure-
free one year after resection. The correlation between correct EZ
definition and lateralization identified by V-EEG, MRS and brain
SPECT was established. Associations were made according to
Fischer’s exact test (2*3, 2 tails; p<0.05). Correct lateralization
was defined as the surgically resected side in patients who were
seizure free for a minimum postoperative period of one year.

RESULTS
1. Evaluation of Video EEG combined with spectral analy-
sis and EEG source localization analysis. Continuous V-EEG
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monitoring resulted in evaluation of an average of 16.2 seizures/
patient in 11.3 £ 4.12 days. Based on the ictal onset V-EEG pat-
tern, 421 seizures in 32 patients were categorized as temporal.
This ictal onset pattern topography was not found in 1,009 sei-
zures in 26 patients, which were classified as non-temporal. A sta-
tistically significant dependency correlation was found between
the electrodes involved at ictal onset and the categories defined
(x2 (1) = 17.54; p<0.01). In five patients, V-EEG showed habitually
reported seizures with no electrographic change associated with
behavior, and these were classified as non-epileptic seizures.

This study confirmed that variability in the ictal pattern is indepen-
dent of the topography, and also demonstrated that a dominant
mean frequency can be distinguished in the theta range, which
differentiates patients with temporal seizures from patients whose
seizures have a different topography. This distinction was not af-
fected by the presence of complex partial seizures, usually while
awake, and the absence of special seizures.

Topographical analysis of the dominant ictal frequency classified
52.7% of seizures as temporal with a mesial focus (Figure 1, V-
EEG), and two predominant or dominant ictal frequencies in the
ictal pattern were identified by CSA. Topographic localization of
the dominant mean frequency (5.56 + 1.31 Hz), determined by

spectral analysis of the EEG, predicted a mesial temporal epilepsy
(MTE) diagnosis in 78.94% of patients, compared to 47.34% di-
agnosed by visual examination; however, behavioral signs alone
provided no useful information for making the distinction between
MTE and neocortical temporal epilepsy (NTE).

The VARETA distributed source localization method was used in
the time domain to confirm the ictal onset zone defined by visual
and spectral analysis in patients who underwent surgery. This
enabled determination of an ictal epileptiform activity source that
coincided in lateralization and localization with the EZ in all TLE
patients who underwent successful temporal lobectomies, there-
by establishing concordance between the ictal onset zone defined
by scalp V-EEG, the activity source defined by VARETA, and the
EZ (Figure 1, VARETA).

2. Correlation between the V-EEG defined ictal onset zone
and the dysfunction shown in the functional imaging (SPECT
and MRS) studies, complemented by quantitative analysis.
Temporal lobe hypoperfusion in the interictal state was observed
in 100% of the 18 evaluated patients--on the left side in 56.25%,
on the right side in 43.7%, and extended to the frontal lobe in 50%.
A discriminating analysis using the ROl measurements evaluated
found that perfusion changes in the lateral aspect of the temporal

Figure 1: Summary of Presurgical Evaluation Strategy for TLE Patients Combining V-EEG, CSA, VARETA, MRS and Brain SPECT
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region had the highest lateralization values. These were ipsilater-
al on the surgery side in 87.4% of patients (x? (2) = 8; p< 0.0001).
Also, an inter-hemispheric perfusion asymmetry ratio of 13% and
28% was found in patients with left and right TLE, respectively.
Hyperperfusion in the mediolateral aspect of the temporal lobe
ipsilateral to the epileptogenic zone was found in 100% of cases
examined with ictal SPECT (Figure 1, SPECT). Ictal studies have
reported sensitivity ranging from 73.4% to 97%, with a positive
predictive value of 94%.[26,27]

Discriminating analysis using V-EEG lateralization as a group-
ing variable found a statistically significant model, Wilks Lambda
0.224 F (3, 8) = 9.21 p< 0.0056, which used Cho/Cr (p<0.003),
NAA/Cr (p<0.001) and NAA/Cho+Cr (p<0.03) ratios as influence
variables for the metabolic data yielded by MRS, and found that
lateralization was correct in 53.8% of patients.

Our analysis showed a 21.2% increase in the Cho/Cr ratio and
a 16.4% decrease in the NAA/Cr ratio in the hippocampus ip-
silateral to the EZ compared to the contralateral hippocampus
(Figure 1, MRS). Statistically significant associations were found
between ictal V-EEG lateralization and SPECT (x2 (1) =4.8; p =
0.02); between ictal V-EEG and MRS (x? (2) = 8; p = 0.01), and
between MRS and SPECT (x? (2) = 5.8; p = 0.05). This study
found that ictal V-EEG yielded the highest percentage of correct
lateralization (100%), followed by SPECT and the Cho/Cr and
NAA/Cr metabolic ratios yielded by MRS (Figure 2).

DISCUSSION

Most studies evaluating the use of functional and structural imaging
for lateralization of the EZ use EEG results as a reference. In our
study, we also used surgical outcomes with a minimum one-year
follow-up period of satisfactory evolution, and we evaluated pa-
tients whose MRI scans revealed no morphological lateralization.
The results clearly demonstrated that detection of hippocampal lat-
eralizing spectroscopic profiles is not necessarily accompanied by
signs of lateralization (atrophy) in the morphological image.

Analysis of the relationship between information provided by
V-EEG and the various functional imaging techniques for defin-
ing the epileptogenic zone in a group of patients who under-
went temporal lobectomy showed that information yielded by
the functional studies made successful surgery possible without
the need for invasive tests, even in cases for which MRI scans
were normal or not lateralizing. Most studies with similar de-
signs reported in the literature use mainly MRI localization,[28-
31] whereas we based our findings on the gold standard of
localization, that is, seizure-free after one year of postsurgical
evolution.

In our evaluation of V-EEG combined with spectral analysis and
EEG source localization analysis, three types of seizure pattern
were seen in our sample: rhythmic pattern (theta, alpha and del-
ta), rapid paroxistic activity, and repetitive epileptiform activity,
which were not mutually exclusive. Ictal pattern analysis yielded
the presence of inter-seizure variability in 40.8% of cases stud-
ied, expressed as a pattern composed of different ictal frequen-
cies, even in seizures recorded in the same patient.

No dependency relationship in this variability was found in the
two groups studied (temporal vs. non-temporal). It is important
to take the ictal pattern variability into account when formulat-
ing an EZ hypothesis. To date, we know of no studies that have
evaluated this phenomenon in patients with focal seizures of
different localization.

In this study, using additional scalp electrodes for greater tempo-
ral lobe coverage, a statistically significant correlation was found
between the rhythmic pattern at the theta frequency and seizures
of temporal lobe origin. The ictal onset frequency of non-temporal
seizures was statistically different from that of temporal seizures;
rapid frequencies in the alpha range were verified during ex-
tratemporal seizures, particularly in frontal-lobe seizures, which
may indicate intrinsic cortical circuit differences, as suggested by
other authors.[32,33]

Figure 2: Correlation between Ictal V-EEG, SPECT and MRS Lateralization, and Surgical Resection Laterality
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Previous studies suggest that the frequency and spatial extension
of the electrographic ictal onset are associated with the anatomi-
cal connections, while the underlying pathology determines its
morphology, which predicts postsurgical evolution and indicates
that the ictal electrical discharge is determined by a complex in-
teraction between anatomical localization and the underlying pa-
thology.[21,34 ]

Most ictal pattern studies reported in the literature do not in-
clude a quantitative analysis due to the technical difficulties in-
volved making such an analysis.[35] In our study, compressed
spectral analysis (CSA) of ictal activity was used, and ictal
activity sources were estimated using distributed inverse solu-
tions.

Different EEG spectral changes in patients with complex partial
seizures have been described.[21] The most frequent pattern is
characterized by a global attenuation of background activity, with
no topographic value, followed by the appearance of rhythmic
frequencies containing localizing information.[36]

In an analysis of these lateralizing rhythmic patterns, Risinger
et al. found a high correlation between the ictal pattern at 5 Hz
or faster frequencies in sphenoidal and/or temporal localization,
and the presence of ipsilateral temporomesial ictal onset. This
pattern is very specific but, unfortunately, it has a 40-50% sen-
sitivity.[37] This finding was confirmed by a study of ictal pattern
frequency differentiation in lateral vs. mesial temporal seizures,
which found that the former had a typical frequency pattern of
2-5 Hz.[38]

Visual pattern analysis combined with CSA proved better than
univariate analysis with either of these methods alone, result-
ing in localization of the ictal onset in the mesial aspect of
the temporal lobe in >50% of patients. This was not signifi-
cantly different from the presence of mesial sclerosis shown
in MRIs.

Interictal brain SPECT scans showed lateralization of interictal
brain hypoperfusion coinciding with the ictal onset zone in 92.3%
of patients studied, and, in 5% of cases, hypoperfusion extending

to the frontal lobe was found. There is evidence that the dysfunc-
tion may be several times greater than the observed structural
defect.[39,40] This suggests that, in addition to anatomical ab-
normalities, a process of neuronal inhibition occurs during the
interictal phase that translates into perfusion and metabolic dys-
function. We reported a higher coincidence than that reported by
other authors, due, we believe, to a semi-quantitative analysis of
brain perfusion in the regions evaluated. For example, in a 1991
study of 51 patients with refractory complex partial seizures,
Rowe et al. found hypoperfusion in SPECT scans in 39% of the
46 patients with a unilateral focus, for a positive predictive value
of 86%.[41]

Chance observations associated with functional MRl and SPECT
have provided anecdotal evidence of an increase in regional brain
blood flow in the epileptic temporal lobe minutes before ictal EEG
onset, which suggests that changes observed in functional MRI
and perictal SPECT cannot be explained solely as the results of
ictal electroencephalographic activity, but rather as reflections of
a change in neuronal activity that precipitates the transition from
the interictal to the ictal state.[42-44] In any case, a detectable
reduction of NAA in the affected hippocampus is not always ac-
companied by the corresponding atrophy, which is likely the con-
sequence of a neuronal loss compensated in terms of cell density
by reactive astrogliosis.[45,46]

We would emphasize that interictal and ictal studies complement
each other. Lateralizing information provided by interictal SPECT
in TLE patients, using semi-quantitative analytical methods,
yielded results as significant as those yielded by ictal SPECT.

CONCLUSIONS

This study confirmed that localizing data provided by V-EEG and
complemented by neurofunctional imaging studies can be used to
perform successful temporal lobectomies on patients with drug-
resistant TLE and MRIs appearing normal or showing bilateral
morphological abnormalities. As a result, CIREN introduced a
strategy for the surgical treatment of patients with drug-resistant
focal epilepsy in Cuba, thereby improving the cost-effectiveness
of epilepsy surgery and significantly improving those patients’
quality of life. Ak
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